Visual pigments of the platypus: A novel route to mammalian colour vision  by Davies, Wayne L. et al.
Magazine
R161
season Ophrys orchids emit 
odors that mimic the scent of 
receptive female Andrena and 
the floral morphology adds to 
the deception. Males find these 
flowers attractive and attempt 
to mate with them, transferring 
orchid pollinia in the process 
(Simpson and Neff 1981).
Like all herbivores, bees show 
a broad range of specialization. 
But what makes the bee–plant 
interactions so interesting is 
that plants benefit from bee 
visitation at the same time the 
bees benefit from floral reward 
exploitation. The congruent and 
sometimes conflicting interests 
of the plants and the bees has 
led to a fascinating and ancient 
evolutionary interaction that 
may explain to some extent 
the incredible diversity of 
angiosperms (and bees) on earth.
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The ancestral complement of cone 
visual pigments in vertebrates 
comprises four classes whose 
protein components are encoded 
by opsin genes and whose 
spectral sensitivities range from 
ultraviolet to red. This complement 
has been retained throughout the 
radiations of teleosts, amphibians, 
reptiles and birds. However, 
eutherian mammals have lost the 
shortwave-sensitive-2 (SWS2) 
and middlewave-sensitive (Rh2) 
classes [1] and retain only the 
longwave-sensitive (LWS) and 
shortwave-sensitive-1 (SWS1) 
classes. Most eutherians are, 
therefore, dichromats, with 
red- green colour blindness, with 
the exception of primates in 
which full trichromacy has been 
reinstated through the duplication 
of the LWS gene [2]. We have now 
found that monotremes are also 
exceptional amongst mammals in 
retaining the SWS2 class. 
The oviparous monotremes 
diverged from the viviparous 
placental and marsupial mammals 
around 200 mya [3]. Extant 
monotremes are represented 
by a single species of platypus 
(Ornithorhynchus anatinus) 
(Figure 1B), and two genera of 
spiny ant- eaters or echidna, 
Zaglossus and Tachyglossus. 
Their distribution is restricted 
to Australia and New Guinea. 
Working with platypus genomic 
DNA, we have amplified exon 
4 of the SWS2 and LWS cone 
opsin genes, as well as the Rh1 
rod opsin gene (Supplemental 
data). Using these sequences 
to search the recently released 
sequence (v38) of the platypus  genome (http://pre.ensembl.org/
Ornithorhynchus_anatinus), we 
identified a number of contigs with 
high identity to these sequences: 
ultraContig 426 contains SWS2 
and LWS sequences and 
ultraContig 358 the Rh1 sequence. 
Subsequently, we used individual 
exons from each of the five opsin 
gene classes (including the SWS1 
and Rh2 cone opsin genes) 
from representative vertebrate 
species (green anole, zebra finch, 
fat- tailed dunnart and human) to 
search the platypus genome for 
complete gene sequences. With 
the exception of SWS1 and Rh2, 
each exon highlighted the same 
contigs identified by the initial 
search with the platypus exon 4 
gene fragments, thereby enabling 
the identification of full sequences 
for two of the cone opsin genes, 
SWS2 (GenBank accession: 
EF050077) and LWS (GenBank 
accession: EF050078), as well as 
the Rh1 rod opsin gene (GenBank 
accession: EF050076) (Figure 1A; 
Supplemental data). 
By contrast, only exon 5 of 
SWS1 could be found and is 
located on ultraContig 278 
(Figure 1A). This contig also 
contains the syntenic genes CALU 
and NAG6 that flank SWS1 in 
other species, so this is probably 
the correct genomic location. 
A large unsequenced region is 
present upstream of this exon 
(Figure 1A), and it is possible 
that the remainder of the gene 
is present within this region. 
However, despite numerous 
attempts, we have been unable 
to amplify any of the remaining 
exons from genomic DNA, 
indicating that the remainder of 
SWS1 has probably been deleted 
during evolution. 
No genomic sequences 
corresponding to Rh2 could be 
found. In chicken, the Rh2 gene 
is flanked by MLN and GRM4 
and these genes remain syntenic 
in the human genome. Both 
genes map to contig 17694 of 
the platypus genome, separated 
by 699 kb of sequence of which 
only 5% is undetermined. No 
Rh2 sequence is present in this 
contig and numerous attempts 
using degenerate primers failed 
to amplify Rh2 gene fragments 
from platypus genomic DNA. It is, 
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present in the platypus genome.
Phylogenetic analysis of the 
platypus Rh1, SWS2 and LWS 
opsins provides confirmation that 
these sequences are orthologues 
of the pigment genes of other 
vertebrates (Figure 1C), and the 
platypus SWS1 exon 5 sequence 
likewise falls into the SWS1 class 
(Supplemental data). Interestingly, 
the platypus SWS2 and LWS genes 
are adjacent on ultraContig 426, a 
linkage arrangement found also in 
fish [4] and birds [5]. In marsupials 
and placental mammals, the 
LWS gene is found on the X 
chromosome. Monotremes 
possess multiple X chromosomes 
which align during meiosis [6]. 
The assignment of SWS2/LWS to 
a particular X chromosome in the 
platypus may, therefore, assist 
in elucidating the origins of the 
mammalian X chromosome.
There are no data on the 
spectral sensitivity of the 
visual pigments in the highly 
protected platypus and there 
is little possibility of obtaining 
retinal tissue for this purpose. 
We have, therefore, used an 
alternative approach to ascertain 
the peak spectral sensitivities 
(λmax) of Rh1, SWS2 and LWS 
pigments. The predicted exons 
for each gene were amplified 
and fused into single coding 
units (Supplemental data). These 
units were then expressed 
in vitro [7]. In all three cases, 
the addition of 11-cis-retinal 
generated dark and bleached 
spectra (Figure 1D), confirming 
that each gene is capable of 
forming a fully functional and 
correctly folded visual pigment 
in vitro. The λmax of the SWS2 
pigment at 451 nm is within the 
blue-range (440– 460 nm) of known 
SWS2 visual pigments, and the 
values for the Rh1 and LWS 
pigments of 498 nm and 550 nm, 
respectively, are similar to the 
λmax of orthologous pigments in 
other species [8]. Although final 
confirmation that these pigments 
are expressed in vivo will have 
to await the analysis of retinal 
tissue, the absence of deleterious 
mutations in the identified genes 
and the generation of functional 
pigments in vitro provides strong 
evidence that they are expressed, Figure 1. Visual pigment genes of the platypus, Ornithorhynchus anatinus.
(A) Genomic structure of syntenic SWS2 and LWS in ultraContig 426, Rh1 in ultraContig 
358, and SWS1 in ultraContig 258, showing exons (numbered boxes) and length of in-
trons in base pairs (black lines). Regions of undetermined sequence (N) that may contain 
exons 1-4 of the platypus SWS1 gene, and part of the Nag6 gene are indicated. (B) Pho-
tograph of a platypus (Courtesy of the Healesville Sanctuary, Victoria, Australia). (C) Phy-
logenetic tree of full-length coding sequences of SWS2, LWS, and Rh1 opsins. The tree 
was generated by maximum likelihood using the Kimura-2 parameter model. The robust-
ness of each branch point is indicated by the bootstrap values. The scale bar indicates 
the number of nucleotide substitutions per site. The tree was rooted by using fruit fly Rh4 
as an outgroup (not shown). (D) Absorbance spectra for the regenerated recombinant 
platypus visual pigments. For each pigment, dark and bleached spectra are shown, with 
difference spectra (open circles) and fitted Govardovskii templates (line) in the insets.and is consistent with the 
presence of single and double 
cones in the platypus retina [9,10].
This is the first report of an 
SWS2 gene in any mammal. 
The eutherian reduction to 
dichromacy with the loss of SWS2 
must have occurred after the 
divergence of monotremes from 
the other representatives of the mammalian lineage. In parallel, the 
platypus lost the SWS1 gene. It 
is interesting to note that the λmax 
of the platypus SWS2 pigment 
is only marginally red-shifted 
compared to the SWS1 pigment in 
many eutherians and marsupials. 
The presence of SWS1 and SWS2 
in the eutherians/marsupials 
and monotremes, respectively, 
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The origin of male 
gametes
Brian Charlesworth
In a recent paper in Current 
Biology, Nozaki et al. [1] report 
evidence that males of the 
anisogamous Volvocine alga, 
Plerodina starri, have an active 
copy of a gene PsPlesMID, which 
is similar in sequence to the 
CrMID gene of the green alga 
Chlamydomonas reinhardtii. 
In C. reinhardtii, there is no 
size difference between male 
and female gametes — it is 
isogamous — but gametes are 
divided into two mating types 
(MT+ and MT–), controlled by 
a complex genetic locus mt, 
such that zygotes can only be 
formed by fusions of gametes 
with different mating types [2,3]. 
CrMID is present only on the mt – 
chromosome, and its expression 
causes gametes to develop with 
the MT– phenotype. 
The association between 
the presence of PsPlesMID 
in the genome and maleness 
in P. starri is of great interest, 
especially because it may 
shed light on the evolutionary 
transition from isogamy to 
anisogamy [1,4], a difference in 
gamete size and number being 
the primary distinction between 
male and female [5]. Many 
unicellular eukaryotes, including 
C. reinhardtii, have only one size of 
gametes, which is presumably the 
ancestral state [4,5]. Anisogamy 
must have evolved by the invasion 
of such an isogamous population 
by a mutant with a different 
gamete size from normal [4,5], and 
the locus at which this mutation 
occurred would represent the 
primeval determiner of sex. 
It is important to note that the 
association between PsPlesMID 
and the male phenotype does not 
necessarily imply a causal role 
for PsPlesMID in male gamete 
development. This association 
is, in fact, consistent with the 
expected evolution of crossover 
suppression and strong linkage 
disequilibrium between a locus 
controlling gamete size and a 
mating type locus [6]. This will 
occur when anisogamy evolves 
by the invasion of an isogamous 
population by a mutant that 
changes gamete size, in response 
to the disruptive selection on 
gamete size proposed by [5]. 
Close linkage between mt 
and the gamete size locus is 
favoured by selection because 
it allows matings to take place 
preferentially between large 
and small gametes. If this 
interpretation is correct, we 
would expect to find that there is 
an extensive region of reduced 
recombination distinguishing 
the male and female gametes of 
P. starri, just as with the mt locus 
of C. reinhardtii [3], and that a 
totally different gene in this region 
controls gamete size. Further work 
on P. starri should allow a test of 
this prediction.
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mammals must have retained both 
genes which, in combination with 
LWS, would have provided a basis 
for trichromacy.
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